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ABSTRACT

Although sheep are thought to be the first domesticated food animal, and
have been around for thousands of years, little is known about their social
structure. Knowing some of the behaviors exhibited by sheep has already helped
to shape modem animal husbandry. Becoming familiar with more of the vast
array of social behaviors used by sheep could benefit animal husbandry even
further. In the wild, sheep graze on large areas of land where there is little
competition for food. However, some domesticated sheep spend very little time
on open ranges and are often forced to compete over condensed sources of food,
such as grain, in small troughs. Unnatural competition can lead to potential
problems. The most significant problem that develops from competition is that
dominant animals may be able to get a large amount of feed, while more
subordinate animals may not get any feed at all. This can also pose problems in
the growth rates of domestic sheep. Problems can also escalate when it comes
times to breed those sheep. Subordinate ewes may not be getting the feed they
require to produce healthy offspring. If births do go smoothly, the ewes still may
not be able to supply enough milk to their offspring to keep them healthy.
Animal husbandry may be improved if there is a way to identify the most
dominant and subordinate animals in the flock. We do know that dominance
hierarchies do exist in domestic sheep flocks. These hierarchies can be bidirectional or non-linear so that dominance over one another is not always
absolute. It is a complicated system that deserves to be examined. To learn more
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about the social structure of the domestic sheep, an observational study with the
Dorset ewes on Peckham Farm at URI was conducted.
Several initial observations were made to become familiar with the most
commonly used behaviors. After the behaviors were identified, the ewes were
labeled with a special wax crayon so they could easily be distinguished from one
another without disturbance. The ewes had been previously kept in two different
pens. They were not moved because they had already established social relations
with one another. Also, keeping them separate meant there weren't too many for
one person to keep track of. A worksheet was constructed in which the behaviors
each had their own column. Then, in one-hour increments the identification
numbers of the sheep who had exhibited the behavior(s) was documented. After
sixty hours of observations were complete, the data was analyzed.
There were two dominant behaviors that were statistically significant for
the different age groups of sheep and four behaviors, three of which were
dominant, that were statistically significant for the weights of sheep. Correlations
tables show positive correlations between dominant behaviors and age, and
positive correlations between both dominant and subordinate behavior and
weights. Because there was statistical significance between dominant behaviors
and aspects of weight and age, there is evidence of a dominance hierarchy within
the domestic flock. It is not certain if the dominance is based more on age or
weight and appears to be a combination of them both.
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PREFACE

This document is written in standard thesis format using the style and form
contingent with the rules and regulations of the Journal of Animal Science.
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INTRODUCTION
BACKGROUND INFORMATION
Domestic sheep (Ovis aries) are characterized as vigilant, defenseless,
wool-covered ruminants, with a tendency to stay in tight-knit flocks. They are
very docile creatures with low intelligence when compared to other ruminants, yet
they retain the ability of individual recognition and some aspects of lifetime
memory. The classification of sheep puts them in the class Mammalia, order
Artiodactyla, family Bovidae, and the genus Ovis. Sheep make up a billion dollar
industry and provide a variety of products including; meat, wool, milk, and
replacement lambs. The versatility of sheep to provide products for both food and
clothing, as well as their extreme adaptability have made them an important asset
in animal agriculture.
The first domesticated breed of sheep is thought to be the Merino of Spain.
It is believed that all domestic breeds of sheep originate from the Asiatic mouflon,

Ovis orientalis. All modem breeds have descended from this one original breed,
being changed and molded as breeders try to improve on sheep by their own
standards of preference. Breeds were shaped not only for the specific product
desired from the sheep, but also for the different pastures, soils, and climates the
sheep were introduced to. The Dorset breed used in this study may also be known
as Somerset or the Dorset Homed breed. Named from the county ofDorsetshire
England, the Dorset Down Sheep Society was formed in the fall of 1904. Dorset
sheep are the product of a cross between Old Wiltshire, Hamshire and Southdown
sheep. The first Dorset sheep were brought to North America in 1868 from

2

England by A. Thayer of NY and E.F. Bowditch of MA (Clarke, 1887). Dorset
sheep are unsurpassed milkers. They are also known for their special fecundity
and early breeding habits. It is possible for the Dorset ewes to produce two
lambing seasons in a single year.

BERAVIORS AND SOCIAL ORGANIZATION
Despite the differences between breeds, there exists a social continuum of
organization with a consistency in basic behavioral patterns. In seasonal breeding
populations, this social organization goes through cyclic changes. During
breeding, or the rut, the social organization can become more complex.
Regardless of season, however, the social organization that exists among sheep is
constantly maintained through a system of species-specific communications. For
sheep, this is primarily through the use of a variety of visual displays. Although
we do not yet completely understand the communication system used by sheep,
we do recognize some of the displays and other behaviors used by them. Sheep
can and do vocalize, but for the most part they use body language to
communicate. This language consists of a variety of body postures, such as
broadside or frontal displays. The use of head and neck are also just as important.
In this study specific displays and behaviors of domestic sheep will be examined

in order to get a better understanding of how they are used in communication.
Some of the most recognized behaviors in sheep are head butting or
nudging. These are examples of agonistic, or aggressive behaviors and defensive
responses. Head butting, like many of the sheep's behaviors, can occur for
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different reasons. Sheep often butt heads as a form of play when they are young,
and then in competition when older. Heads are used more often to butt others in
the side or rump than in head on head contact. Intensity of butting can vary as
well. This may be dependent on the rank of the sheep or the value of the specific
resource being competed for. There is a definite tendency for the more dominant
sheep to butt more often. This can then be used as an indicator of dominance
within a domestic flock if some sheep butt significantly more than others. Sheep
also kick or paw at each other, these are both agonistic behaviors as well. A male
may paw at a female who is laying down in an attempt to get her up and into a
position to mate. Kicking and pawing also occurs between same sex pairs with
the dominant animal initiating the behavior. Most of the time kicking and pawing
is considered a threat behavior in an effort to get another sheep to move. Further
agonistic behavior is an aspect of mounting. Although young lambs display
mounting quite frequently while playing, the action of mounting another animal in
adults is a sign of dominance. Any observations of agonistic behaviors in the
domestic flock can be documented and analyzed to determine if some animals are
significantly more dominant than others.
Dominance hierarchies do exist in wild sheep flocks. They are established
and maintained via threat and aggression. In sheep, hierarchies are often bidirectional and non-linear; meaning dominance of one sheep over another is not
absolute. Dominance orders can change, and sometimes there are triangles of
dominance. This is more complex than a pecking order in chickens, which is
usually a linear hierarchy. When domestic sheep are observed resting in a barn
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they are normally not observed facing one another directly. Sheep orient
themselves facing away from one another, lined up head to rump or rump to rump
around the perimeter of the barn. We presume from this that head to head
orientation, even when resting, is considered a threatening or agonistic position
(Lynch et al. , 1992).
Sheep regularly display following behaviors, yet leadership in the flock is
not conspicuous. Sheep observed walking in a single file line have been found to
weave side to side slightly rather than maintaining a straight path. This is due to
the lead animal attempting to retain visual contact with animals behind it. More
often, it is the older sheep that initiate leadership activities (Lynch et. al. , 1992).
This may or may not indicate dominance. It may only be due to greater
experience. Regardless of which sheep that initiates leadership activity, the others
in the flock are directed by visual signals. My goal is to examine the different
behaviors of a domestic flock to determine what characteristics the dominant
sheep are possessing.

PURPOSE OF TIITS STUDY
The purpose of this study is to determine if a dominance hierarchy exists
within a domestic flock. Also, if a hierarchy is found to exist, this study may
determine if social dominance is based more on the age or the weight of the
animals. To facilitate and improve the husbandry of sheep, their behaviors must
be considered in management decisions. Knowing what the social behaviors of
sheep indicate can help people manage sheep more successfully. In wild
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populations, sheep organize themselves into a hierarchy that does not affect the
food distribution. In a more domesticated si::tting, sheep may graze for only a
short amount of time, and then grain and hay are fed as supplements. In this case,
the hierarchy in the domestic sheep could potentially affect the food distribution.
Unequal food distributions can lead to problems. If severe, dominant animals
may become obese and unhealthy while subordinates become undernourished.
During breeding season there could be potential problems with the birth of lambs
and with nursing. Having healthy sheep is absolutely critical during this time.
Currently, very little research has been done to understand the social organization
of domestic sheep. A study of the behaviors of domestic sheep will help people
better understand the way sheep organize and communicate. It will also enable us
to better recognize the dominant and subordinate animals in the flock. This could
help prevent management problems associated with uneven food distribution.
It may also help us divide flocks into more easily manageable groups.

HYPOTHESIS
There are three hypotheses in this study. The first hypothesis is:

H1: A dominance hierarchy does exist in the domestic Dorset ewe flock at the
University of Rhode Island (URI).
Ho1: A dominance hierarchy does not exist in the domestic Dorset ewe flock at
URI.
H2: There is a significant relationship between social dominance and the age of
sheep.
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H02 : There is no significant relationship between social dominance and the age of
sheep.
H 3 : There is a significant relationship between social dominance and the weight of
sheep.
H03 : There is no significant relationship between social dominance and the weight
of sheep.
By observing and documenting the behaviors of each sheep, it is proposed that a
hierarchy will become evident. By categorizing the behaviors displayed into
dominant or subordinate behaviors, and looking comparatively at the age and
weight of the sheep, it may be statistically determined whether it is age or weight
that plays a larger role in dominance. With this information it can be determined
if, for better animal husbandry, sheep should be separated based on age or weight
to better reduce the amount of competition within the flock . This may help
alleviate any potential problems associated with unequal food distribution. As a
result, production may be improved while animal and financial losses minimized.

LITERATURE REVIEW
AGRICULTURAL IMPORTANCE
In July of 2000 the sheep and lamb totals for the U.S. alone were 8.5
million head. This included 4.12 million ewes of one year and older. There were
also 205,000 rams (website 1, 2000). These numbers include only the registered
sheep in the U.S. Sheep are not a main industry in the U.S. Countries like
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Australia and New Zealand, where sheep are a major industry, have even larger
animal numbers, making sheep a multi-billion dollar industry world-wide.

SOCIAL GROUPS
Currently, very little has been done to understand the social structure of
domestic sheep. Social organization studies that have been done indicate that
social organization does indeed play a role in the acquisition of food, maintenance
of contact between sexes, reproductive behavior, expression of maternal care, and
the survival and development of the lamb (Lynch et al., 1992). In many
mammals, the association of female kin is thought to be the basis of the social
system (Festa-Bianchet, 1991). For animals in which this is true, cooperation
among the females would represent a cost to them. For any animal to invoke a
cost, there must be a reward. For grazing animals this reward may be defense of
some resource against conspecifics or predators (Festa-Bianchet, 1991 ). For
many ungulates, including sheep, goats, and deer, there are distinct and
identifiable groups that remain together indefinitely.
Studies done on the social system of a marked wild population of Bighorn
sheep (Ovis Canadensis) in southwestern Alberta have shown that kinship plays a
limited role in social organization and that stable home-range groups are formed
mostly by non-relatives (Festa-Bianchet, 1991). A home-range group is the group
or flock a sheep is born into. Most female sheep stay in this home-range group
for life while the males eventually leave. This permits new genes to move from
one home-range group into another home-range group. Even though the males
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move around into different home-range groups, Bighorn sheep continue to
maintain home-range groups in which many of the ewes are related. It was found
that Bighorn sheep yearling sons did not associate with their mothers and often
switched to the ram groups before age 4 (Festa-Bianchet, 1991). This is not
dissimilar to what we know about the social organization of domestic sheep.
There are distinct social units within a sheep flock; the adult males, and the ewes,
lambs, and males under the age of two. Within the ewe group are further
subdivisions known as peer groups and family units.
The majority of female ungulates, including deer, goats, and sheep, are
found in the home-range group they were born into. Males will move from group
to group, while females remain in the group they were born into. The advantages
of maintaining a home-range group are for safety. Bighorn sheep are similar to
domestic sheep in that they are both very gregarious. Although more alert in
small groups, they are also less efficient at foraging than larger groups or solitary
individuals would be (Festa-Bianchet, 1991). Costs of maintaining the group and
their gregarious behavior include increased competition, less foraging time, and
increased parasite transmission (Festa-Bianchet, 1991).

PEER RELATIONS
Family units within the ewe group are made up of a ewe, her offspring,
and their offspring (Grubb & Jewell, 1974). Peer groups are same age classes
within the home-range group. These peer groups exist in both ewe and adult male
groups. The peer groups are stronger with younger lambs and ewes, and very
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strong among the young rams (Grubb & Jewell, 1974). Play groups are
established early among peer groups, but cease before the rut. Female yearlings
generally stay with their dam until they come into heat. Until this time the
yearling may stay close to its dam, or it may prefer peer contact. Unlike rams,
ewes tend to remain indefinitely in the group they are born into. With rams,
maturation plays a large role in their place in the flock. Maturing means that the
ewe stops calling for her lamb, suckling ceases, and ties are broken. Ram lambs
who stay in the home range group do not associate with their dam after weaning,
and could potentially die over a long winter period before they are old enough to
join the adult ram group (Grubb & Jewell, 1974).
While individual relationships among sheep begin to establish themselves
at the age of one or two years old, relationships with peers and the dam are
formed almost instantaneously. Family and peer groups found within sheep
flocks are short-lived associations because as the sheep age, relations with each
other change. As time passes, associations with peers are made less and less
while relations with the parent are also weakening. The end of suckling is a
critical period for initiation as an adult. Normally, juveniles establish a bond with
elders which begins at an early age, and helps maintain group cohesion. Lambs
whose dams had died, were found to have no strict adherence to the home-range
group, and in some cases even left the group to join another at an early age. Ties
between specific individuals are very important in maintaining social groups of
sheep as well as other ungulates. Cohesiveness of the home-range group is
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reinforced by social signals and the allelomimetic 'following reaction' held by
sheep (Grubb & Jewell, 1974).

FEMALE RELATIONSHIPS
The mother-daughter bond has been thought to be very strong in
ungulates. Although that may be true initially, and Bighorn sheep ewes have been
found to coexist with their mothers until age 6, studies on Bighorns have also
shown that yearling ewes have only a weak tendency to associate with their
mothers (Festa-Bianchet, 1991). Studies on bison (Green et al. , 1989) and
mountain goats (Hutchins, 1984) showed that yearlings were more likely to be
with their mother if she did not have a new calf or kid. This makes sense because
a new mother would be too concerned with the care of new offspring to worry
about a yearling. A home-range study of Scottish hill sheep Ovis aries, showed
relations with mothers declined from about six months of age onwards (Lawrence
& Wood, 1990). There was also no indication of any resumption of the mother-

daughter bond. While associations with their dams were decreasing, relations
with peers were increasing for the Scottish hill sheep (Lawrence & Wood, 1990).
Peer associations declined with age, and although juveniles did not associate
specifically with their dams, cluster analysis of movement patterns showed that
the juveniles tended to develop similar ranging behaviors as their dams (Lawrence
& Wood, 1990). This tendency was probably due to the juveniles learning the

movement patterns from the parent, rather than an intentional association based
on their kinship.
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Studies of the social organization of reindeer, Rangifer tarandus,
concentrated on the relationships among females. These reindeer were semidomestic because they are maintained under free-range management. In reindeer,
like sheep, the level of association among related females faded with time and the
reindeer were sexually segregated (Hirotani, 1989). A linear dominance was
found to be present in the reindeer herds, with social rank correlated with body
weight (Hirotani, 1989). This allowed a stable dominance relationship to exist
even though the herd had unstable membership. Sheep have a very stable flock
membership, and therefore a more complex dominance relationship can exist
among them. The relationships among the female reindeer
are not stable social relationships, they associate with each other without regard to
their age-classes (Hirotani, 1989). Antagonistic relationships between mothers
and yearling daughters often developed, based on food supply (Hirotani, 1989).
Calves were frequently found feeding from craters dug by their mothers, if the
mothers were to allow that to continue, they would be decreasing their own
chances for survival progressively as the calf grew (Hirotani, 1989). Mothers also
became hostile towards yearlings when they had other calves. The dominance
hierarchy seemed to remain intact through rutting, two non-rutting periods, and a
calving period (Hirotani, 1989). Dominance relationships among the reindeer are
maintained not by individual recognition, but by visual assessment of physical
characteristics (Hirotani, 1989). This allows the hierarchy to be maintained even
though membership in the herd changes. Subordinates would give up a feeding
crater to a more dominant individual. This was because for the subordinate, the
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benefits of group living, predator protection and mutual digging for food,
exceeded the costs it endured (Hirotani, 1989).
There are a variety of different relationships that female ungulates display
between dominance, phenotype, and reproductive success. A few of these
include, no correlations between dominance and body mass or horn size in captive
bighorn ewes (Eccles & Shackleton, 1986), age and dominance correlation in
bison cows (Rutberg, 1986), dominance correlation with both age and body mass
in chamois (Locati & Lovari, 1991 ), and dominance correlation with body mass
only in caribou (Hirotani, 1990). It is clear however, that unlike some male
aggressive encounters, female aggressive interactions never escalate to the point
of injury in any ungulate species (Festa-Bianchet, 1991). Unlike red deer,
bighorn sheep have no relationship between dominance and reproductive success.
This would suggest that the dominance in female bighorn sheep is not related to
access to resources which would normally affect reproduction or body size (FestaBianchet, 1991 ). However, it is not known if female domestic sheep also have a
relationship between dominance and reproductive success.

SOCIAL SEGREGATION
Social segregation is evident within ungulate social behavior. It was
previously assumed that the formation of single-sex groups was a by-product of
difference in habitat use (Conradt, 1999). This was tested on both red deer and
feral soay sheep, Ovis aries. If social segregation was indeed a by product of
different habitat use, or habitat segregation, then they both would be influenced
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by the same environmental parameters and there would be the same degree of
segregation in both cases (Conradt, 1999). It was found that social segregation
was significantly larger than habitat segregation in both red deer and feral soay
sheep. This meant that social segregation could not just be a by-product of habitat
segregation, and there must be other factors involved (Conradt, 1999).
Social segregation and habitat segregation are also unrelated in several
other ungulates including: chamois, Rupicapra rupicapra (Perez-Barbeira &
Nores, 1994), bighorn sheep, Ovis canadensis, (Geist et al., 1977), and reindeer,

Rangifer tarandus (Cameron & Whitten, 1979). Potential causes for social
segregation may be for male avoidance of aggressive interactions caused by
female presence, female avoidance of potential male harassment, optimization of
social learning in single-sex groups, to decrease conspicuousness towards
predators, or differences in activity (Conradt, 1998b; Ruckstuhl, 1998). Whatever
the reason, most ungulates remain stable in socially segregated groups.

DOMINANT-SUBORDINATE RELATIONS
Little is know about the structure of dominance-sub ordinance
relationships within domestic groups of sheep. Economically speaking, if
dominance were related to individual fitness, it would be more profitable to use
females of highest dominance status to reproduce. If this were the case, one
would allow them to take the preferential resources because they would produce
more viable offspring (Eccles & Shackleton, 1986). Although many studies (as
reviewed by Eccles & Shackleton, 1986) indicate there are indeed dominance-sub
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ordinance relationships among sheep, they do not to indicate precisely what these
relationships are based upon. It is thought that dominance in sheep is based
primarily on body mass or horn size (Eccles & Shackleton, 1986). After a
thorough literature search, no previous attempt has been found to investigate the
relationship between age and social status in domestic sheep.
Males are dominant over females in the group, but interactions are
minimal when it is not breeding season. Within both male and female groups
there exist dominant and subordinate relationships. In Bighorn sheep, the
outcome of aggressive interactions is strongly related to age. The older ewe wins
92% of aggressive interactions (Bianchet, 1991 ). A study of female Bighorn
sheep, Ovis canadensis californiana, enclosed in a game farm, uncovered a
dominance hierarchy that is non-linear. The social behavior of the males in this
species ranks social status directly to horn size, but for the females neither horn
length or body weight were consistent with social status (Eccles & Shackleton,
1986). By watching the interactions among the females, it was hoped that
characteristics of dominance would become clear. A dominant animal was one
that displaced another from a resource, be it food , shelter, or bedding. The
relationship between age and social status could not be evaluated because ages
were not known. The female Bighorn sheep that were most dominant were those
who were most aggressive and initiated more agonistic encounters (Eccles, 1986).

If the most dominant in the group were obtaining resources from interactions, one
would assume the dominant females would be at some advantage. However, it
was found that the dominant individuals did not have higher quality diets, lower
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energy costs, or higher productivity than subordinate Bighorn sheep (Eccles,
1986).

It is clear that sheep have ewe groups within their home-range groups,
which are maintained with interactions in which there are dominant and
subordinate outcomes. The extent to which these roles are maintained varies and
could be dependent on resource availability and rates of predation. These are
fairly measurable factors. However, once we know the availability of resources
and the dangers of predation, we still need to observe the behaviors of the
ungulate in question to determine the dominant and subordinate animals.
Although some of the animal's subjective experiences may not be directly
observed, we may be able to address these questions indirectly by using behavior
as an indicator of the animal's decisions (Gonyou, 1991). For example, the way
an animal uses its' environment may give us clues to the conditions the animal
prefers. To interpret, we need to know what choices the animal perceives are
available to it (Gonyou, 1991). By using reference points in the area and
observing the choices an animal makes, we may learn some of its' preferences.

INTRODUCTION OF HIERARCHIES
Social dominance is not a new topic. It was introduced by a Norwegian
naturalist, Schjelkerup-Ebbe (1922) to describe the social organization of
domestic fowl (Syme, 1974). The bird who consistently emitted the aggressive
responses was the dominant, while the bird getting picked upon was the
subordinate. This concept has not changed much. In any competitive order or
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dominance hierarchy, there should be a relation of social behaviors and aspects to
social rank. Most of the time aggressive behaviors are considered to be indicators
of dominance without question. Although this may be true, it is important to look
for other signs of dominance besides aggressiveness. This allows the definition of
dominance to be more of a "priority of access' than merely a "bully" (Syme,
1974).
Two models explain the process of hierarchy formation in animal societies
where dominance and subordinance plays a role. The first model is one in which
competitors win their place in an hierarchy through a round robin of competition.
The second model is one in which there is a high correlation between some
distinct feature or attribute and social rank (Chase, 1974). These traits can then be
used to predict dominance. Initially in a group, there would be a high frequency
of aggressive interactions as ranks were being established. After that, frequency
and intensity of interactions would die down as dominance-subordinate relations
became stable (Chase, 1974). The positions in an hierarchy usually remain
unchanged and rebellions are generally unsuccessful. It could be predicted that in
the second model of hierarchy establishment there would be fewer interactions as
a whole because the animals would be aware of the physical traits their
competition possessed. Since sheep and most other ungulates are highly vision
dependent, this is most likely the case. Animals participating in a round robin
tournament of competition are far more likely to establish a linear hierarchy,
because there would be more clear-cut ' winners' and 'losers'. Those animals
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basing their social structure on physical attributes would have more of a gray area
considering that many would be physically quite similar.

RECOGNITION IN SHEEP
Sheep are very similar to each other in physical attributes, and are not
noted for their brain capacity, yet they maintain an impressive ability to recognize
individuals. Studies have shown that affinities are formed early on in age. Sheep
have both individual and group recognition. The maintenance of group cohesion
would not be possible without it. Recognition involves olfactory, visual, auditory,
and tactile cues, and is most clear between a mother and her young. Recognition
of lamb by its dam is primarily based on olfactory signals (Lynch et al., 1992).
The mother is drawn to the lambs by an appetite for amniotic fluid after birth, this
causes licking of the lamb, which helps the mother become familiar with the
lambs scent (Lynch et al., 1992). Lambs also produce anal scent secretions and
are seen constantly wagging their tails, inadvertently fanning their scent.
Auditory cues come into play as well. A sheep that can not see her lamb will call
for it with a series of bleats.
Sheep use visual cues over auditory cues in most situations. They have
excellent depth perception and a wide field of vision extending almost 90 degrees
behind the head. Sight contact between a lamb and ewe also plays a role in
recognition. Sight contact is made immediately after birth as the lamb(s)
search(es) for the teat. The lamb will actually approach the nearest object, with a
preference for movement (Lynch et al., 1992). This allows the lamb to easily
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imprint on humans if we interfere. Sheep taken from their mothers and raised
with goats, when given a choice, spent significantly more time with the goats than
the controls (sheep with sheep) (Tomlinson & Price, 1980). The same was true
for the goats raised with sheep. Dorset and Targhee lambs were used and taken
from their mothers prior to suckling. The species affinity required about 60 days
after birth to become apparent and was quite obviously a learned attribute
(Tomlinson & Price, 1980).
Studies on sheep's recognition ability have also been extended into their
recognition of different humans. Lambs that had been artificially reared by either
one Shepherd or alternately by three, were studied to see if they recognized
specific humans. Knowledge of the Shepherd alone had a great impact on the
lamb's reaction to people (Boivin et al., 1997). Behavioral criteria, such as
vocalization, approach responses, movement, and interaction, indicate that the
lambs could indeed distinguish a known Shepherd from an unknown. Fear
responses to isolation were also reduced when a known Shepherd was present
(Boivin et al., 1997). Rearing by a single Shepherd showed stronger recognition
in the lambs than rearing by three Shepherds. However, no difference was
evident at 14 weeks of age (Boivin et al., 1997).
Sheep also show recognition among different breeds. Three flocks of
three separate breeds were separated into two groups for 2-3 months before the
study (Arnold & Pahl, 1974). Once the groups were mixed, the sheep stayed in
their prospective groups for nearly a month before any obvious mixing took place
(Arnold & Pahl, 1974). Mixing was more prominent when the groups were of the
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same age and sex, but even the same ages of different breeds rarely showed
random mixing. Both young and old sheep showed affinities towards their own
breeds (Arnold & Pahl, 1974).

GRAZING BERAVIOR
Pasture studies have shown sheep to graze in phases, laying down and
grazing all at the same time (Ewbank, 1973). This is quite contradictory to other
grazing animals like the African antelope, which spend much of their time
looking around while foraging (Underwood, 1981). Feeding may temporarily
blind some grazing animals, requiring them to look once in awhile to stay alert for
predation risks. Three out of five species studied by Underwood (1981) spent
significantly more time looking while foraging in closed habitats than they did in
open ones. A correlation was also found among time spent looking and overall
body size. Larger animals spent less time looking. Also, the larger the group, the
less animals scanned (Underwood, 1981).
Domestic sheep are usually in large open areas, which could account for
the little amount of time they spend looking around. Also, they are usually at
very low risk for predation, and although the vision is best when the head is up,
grazing in low grasses does not require it to stay alert. Because domestic animals
share very little life aspects in common with their wild counterpart, it is probably
not likely one will find any correlation among their body or group size and
foraging time.
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SHEEP DISPLAYS
Although sheep have been engaged with people in domesticated situations
for thousands of years, we know surprisingly little about their social structures
and methods they use to maintain them. Often perceived as very dumb and slow
animals, these wary creatures may be quite deceiving. A large number of displays
and postures have been documented and described as well as classified into
categories such as threat, aggression, play, sexual, and submissive (Lynch et.al.,
1992). Sheep are thought to use these displays and postures to maintain their
social position within the flock.
Aggressive displays, or agonistic behavioral patterns, are used mostly by
the rams. The familiar head clash used by rams is an aggressive encounter in
which the rams stand 3-10 meters apart and charge one another (Lynch et al.,
1992). After an initial impact the animals may face each other and repeat the act
until one submits. Ewes exhibit a more subdued version of the head clash with
butting or nudging. Additional agonistic displays include; kicking, horn threats,
huddle, horn pull, low stretch, pawing, shoulder pushes, blocking, low neck,
twisting, rubbing, jumping, mounting, and head shaking (Lynch et al., 1992).
Females do use some agonistic behaviors, similar to those found in males, in a
lesser frequency. The horn pull and shoulder push are jostling maneuvers that
hold no apparent outcome, and blocking describes a complex sequence of
behaviors that usually occurs as part of an agonistic encounter between two
evenly matched rams (Lynch et al., 1992). Kicking is an aggressive maneuver in
which there may or may not be contact with another sheep. Many of the agonistic
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behaviors used by sheep are threats in which there is no contact. These visual
animals assess their opponents and usually one will back down. It is only with
more evenly matched opponents that more aggressive contact is used (Lynch et

al., 1992).
When one sheep wins a confrontation over another, it is because one sheep
has exhibited some submissive behavior. In the Bighorn sheep of North America

(Ovis canadensis) submissive behaviors appear to be absent (Lynch et al. , 1992).
However, other breeds of sheep like the Corsican Mouflon (Ovis ammon),
submissive behaviors are quite evident. This breed has a submissive posture in
which the dominant animal kneels and is licked on the neck by the submissive
sheep (Lynch et al. , 1992). Other submissive postures include a low neck posture
in which the submissive animals assumes as it retreats from a conflict, and a head
shake behavior. The head shake is seen almost exclusively by smaller animals in
response to a larger animal (Lynch et al. , 1992). The smaller animal usually turns
away from the larger before shaking its head.
Play behaviors occur in lambs and occasionally in adult sheep. Play in
lambs is a vital part of learning and allows the lambs to become acquainted with
each other at a few days of age. These initial investigations are either mutual or
one-sided interactions (Lynch et al., 1992). Older lambs do not show the same
social investigations. This leads us to believe there is recognition among the
lambs. Playing allows lambs to learn how to interact with one another, and the
rest of the flock. Their encounters will sometimes develop into short sequences of
communal activity in which one lamb will trot off to investigate something and
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the others follow, forming their own tight-knit group (Lynch et al., 1992).
Playing also allows lambs to learn other behaviors, such as mounting and butting.
Mounting in lambs is not thought to be sexual, and the males tend to mount in
play more often than females (Lynch et al., 1992).
Although sheep can and do vocalize, use tactile cues, and olfactory
sensory in their communication with one another, displays and postures are their
primary source of communication. Visual behaviors and displays are the most
obvious to humans as well, these displays are the method that we would be able to
learn and observe the most. Leaming the context in which these behaviors are
used by our sheep will help us understand them better. The more we understand
the vocabulary our s~eep are using, the better care we can provide them in animal
husbandry.
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MATERIALS AND METHODS
SHEEP UTILIZED
To begin to document the behaviors domestic sheep are demonstrating I
first needed to find a closed flock. A closed flock is one in which there are no
strange animals being brought in from other farms. Observing a closed flock
ensures that what is observed is more a maintenance of relationships that exist
within the flock, than the establishment of new relationships. Because I wanted to
explore the dominance hierarchy within an established domestic flock, this was a
key feature. The domestic Dorset ewes at Peckham Farm, located at the
University of Rhode Island, are in a closed flock. No new animals are brought in,
and relationships are well established between the existing ewes.
There were 22 ewes included in the experiment. These 22 ewes were
housed in a barn with access to an outside pen arena. The barn was separated
down the center by a hay trough and fence, and the fence continued along the
center of the outside arena separating both areas equally (see Appendix 2). The
ewes were able to maintain visual contact with each other and shared a water
trough, but had separate areas for feeding. Since the ewes had been kept in these
separate areas, which I denoted as Pen A and Pen B, it was best to keep them
separate during observations so as not to disturb the dominance-subordinate
relations that had already been established, in some instances for years. The two
groups, Pen A and Pen B, were let out to pasture separately (so they did not get
mixed up and put back into the wrong pen), but fed their supplemental hay and
grain at the same time. The pasture was adjacent to the outside arena of the barn
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so the two groups could potentially maintain visual contact, and olfactory access,
at all times if they choose to.

OBSERVATIONS
The first step in this observational study was to observe the sheep to get an
idea of which behaviors they used most often. The observations were always
done in the afternoon when their social activity is thought to be at its peak for the
day. Observations were done in one-hour increments, and would begin after a 10minute period of acclimation in which the sheep would get used to the observers
presence. Initially, there was no need for tneObservers to enter the pen and
disturb the sheep because the behaviors could be viewed from the inside of the
barn. The domestic ewes that were used, are well acquainted with the presence of
strange people because they are used in educational labs for the University of
Rhode Island, and they have many visitors throughout the year. The sheep are
handled regularly by people, fed by different people throughout the year, and
therefore are not particularly wary of any new human presence. This made them
ideal to work with in an observational study because they would not react strongly
to any new observers presence.
Once a list of the most common behaviors exhibited by the ewes was
developed, a data sheet in which the behaviors could be documented quickly and
easily was constructed. (See Appendix 1). The behaviors were plotted along the
top of the page and the side of the page was broken up into five-minute
increments. This created a matrix covering one hour, in which the observer could
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write the identification number of the ewe exhibiting that behavior. After five
minutes, the observer would move down to the next row of blocks and repeat the
process. An animal exhibiting a behavior during one five-minute block that was
continuing to display that behavior during the next set of blocks, was documented
again. This recorded the extent to which each behavior was being played out.

DOCUMENTATION
The goal was to document the individual sheep that were displaying the
behavior(s). To do this, one would need to be able to identify each sheep from a
distance so as not to disturb the flocks' natural interactions. Each sheep could be
identified by the numbers on their ear tags and by their ear tattoos. However,
these numbers were too small to be seen from afar, or from different angles. To
solve this problem a special wax crayon made for marking wool was used to draw
large numbers on each side of each sheep. Instead of using the four digit
identification numbers on the ear tags, the sheep were numbered 1-22 and the ear
tag ID that corresponded with the smaller numbers was documented. This made
the numbers easier to write on the sheep and easier to see when applied. The
crayon numbers would be reapplied as necessary if they became smeared or
rubbed off over time. The crayon was used instead of more permanent forms of
identification such as collars or bands because the sheep were not aware of the
crayons presence on them, and the sheep were in no danger of losing it
completely or getting caught on anything, as they might be with collars or bands.
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Several times a week during the afternoon the sheep would be observed in
one-hour increments and the identification of the sheep using the behaviors would
be recorded on a data sheet. Observations were done in one pen at a time to avoid
confusion. Ten sheep were in Pen A ( 1-10), and twelve sheep were in Pen B ( 1122). Observations were made until a minimum of 30 hours of observations were
reached from each pen, for a total of 60 hours of observations were accumulated.
Observations that were unclear or incomplete were omitted. A trained assistant
helped in the collection of observations. She and I met several times to
collaborate and also performed duplicate observations to make sure we were
documenting the same behaviors.

ANALYSIS
After the collection of observations was complete, the behaviors were
tallied for each pen. Appropriate statistical procedures were calculated with the
behaviors as dependent variables and age and weight as separate independent
variables. All statistical analyses and post hoc tests were evaluated using
Statistical Package for the Social Sciences (Windows Version 10.0). An alpha
level of p < .05 was pre-selected. Ages were obtained from the farm records and
weights were taken before the start of observations. Kinship did not play a
variable in this experiment because all of the ewes were related in some way.
These breeding records were also obtained from information routinely maintained

in the department.
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Correlation tests and analysis of variances (ANOVA) were used on both
the behaviors and independent variables in order to find trends in their
relationships. Significant relationships were noted. Scheffe was used for the post
hoc tests because it is exact and appropriate in cases with unequal sample sizes.
Because the sample size of sheep observed was so small (N=22), the post hoc
tests did not work for several categories in which there were insufficient sheep in
each cell. To address this problem the Monte Carlo procedure was used
according to the guidelines of Hoyle (1999) to increase the number of
observations by randomly repeating the number of observations until the
population doubled. With the additional observations the correlation tests and
one-way ANOV A were repeated. This time the post hoc tests did generate an
analysis for all variables.
In order to assess which sheep were dominant in the flock, frequencies for

the individual sheep behaviors were compared. These were examined keeping in
mind that the sheep were observed in separate pens. Pooled information from the
observations was examined to find trends related to age or weight and dominance.

RESULTS

BEHAVIORS DOCUMENTED
On my original data sheets I took observations of the following behaviors:
butting, kicking, pawing, mounting, leading, following, grouping, and curiosity.
The first four are self-explanatory. Leading was defined as the individual who
moved into a different area away from the majority of the flock, and then was
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immediately followed by at least one other individual. Following was the
individual, or individuals, that followed the leading sheep. Groups of four or less
were counted; any larger groupings would be attributed to the gregarious or
allelomimetic behavior rather than following. Grouping was considered as at
least a pair of individuals, and up to four, that were seen together away from the
majority of the flock. Curiosity was defined as an individual that displayed
interest in something, be it a person or object, which the rest of the flock was not
investigating.
When the observations were tallied, there were negligible numbers of
mounting and pawing. Only one case of mounting was seen, this from a yearling
who may have been exhibiting this as residual play behavior. Pawing was only
seen a few times, and was always just before a sheep would lie down. Because
this behavior did not seem to indicate any type of communication between the
ewes, and was seen so infrequently, it was eliminated from the statistical analysis.
Grouping was documented to help locate any peer groups, which may exist within
the domestic flock. Grouping then, was not based on individual behaviors. It is
not included in the one-way ANOVA and correlation coefficients that were
calculated. Grouping deserves to be examined separately from this study.

POPULATION CHARACTERISTICS
The original domestic flock contained sheep ranging in ages from
yearlings (one year old) to eleven. The weights ranged from 90lbs-213lbs (40.8696.70kg). The two pens, Pen A and Pen B, separated the sheep by age to some
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degree, which also decreased the differences in weights in each pen. Pen A held
sheep with ages ranging from 4-8 years old and weights from 162-213 lbs (73.5596.70kg). Pen B held the younger sheep, 1-3 years old, with 2 exceptions; one six
year old and one eleven year old. The weights of Pen B ranged from 90-185lbs
(40.86-83.99kg). This separation may have affected the social dominance
observed.
Table 1.
Demographics of the Domestic Dorset Ewes
At Peckham Farm (N = 22)
Characteristic

Min.

Max.

(mean± SD)

Age (years)

1.00

11.00

4.18 + 2.70

Weight (lbs.)

90.00 213 .00

159.36 + 37.15

Demographics for the original Dorset population as a whole are shown in
Table 1. The standard deviation for the ages is rather small, 2. 70 years. The
standard deviation for the weights of the original population is 37 .15 lbs.
(16.87kg). These demographics were examined and compared to those found in
the projected population to ensure there are no significant differences.

Table 2.
Demographics of the Projected Population of Dorset Ewes on
Peckham Farm at URI. (N=44)
Characteristic

min.

max.

Mean+SD

Age (years)

1

11

4.23 + 2.60

Weight (lbs.)

90

213

160.61 + 37.12
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Because the sample sizes were so small, the Monte Carlo procedure
(Hoyle, 1999) was used as a method to increase the population size. This allowed
for statistical analysis with small sample size. It did not significantly change the
demographics of the population in any way, and should not affect the results (see
Table 2).

OBSERVER COMPARISONS
All observations were obtained from two observers. To ensure that the
observations made collaborated with each other, some duplicate observations
were done. An attempt was made to compare the observations using at-test in the
statistical program for social sciences (SPSS) program. The observational
behaviors taken by the two different observers during this time period are not
significantly different. This is critical in the validity of this observational study.
Each observer was documenting the same behavior from the same animal during
these observations. There is no reason to assume significant differences for any
of the other observations.

DEPENDENT VARIABLES
The dependent variables used in this study included all of the behaviors
and the number of observations taken for each one. The means and standard
deviations for each behavior in the general and the projected population (using the
Monte Carlo procedure) are found in the following Table 3.
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Table 3.
Results for Mean Number of Behaviors displayed
By the Dorset ewe flock at URI.
Behavior

Min.

Max.

Butting

1.00

17.00

6.81+4.45

6.48 + 4.13

Kicking

0.00

4.00

1.50 + 1.43

1.50 + 1.36

Solitary

6.00

34.00

20.73 + 7.53

21.27 + 7.19

Curiosity

6.00

29.00

13.68 + 6.45

12.72 + 5.91

Leading

0.00

24.00

7.14 + 5.99

6.70 + 5.74

Following

1.00

26.00

7.45 + 6.80

7.54 + 6.58

Mean± SD(N=22) Mean± SD(N=44)

Table 3 shows the number of observations collected on the original
population of sheep and those in the projected population. The means and
standard deviations are calculated for each behavior recorded. When the Monte
Carlo procedure is used to project the population, is it important that the means
and standard deviations for the behaviors do not differ significantly so as not to
affect the results. An independent t-test was used to test the numbers and no
significant differences were found. This gives us confidence that the Monte Carlo
procedure used to increase the sample population will not affect the results of the
statistical procedures used on it.

32
BUTTING AND AGE
One-way analysis of variance (ANOVA) was calculated for the behaviors
using age and weight for the independent variables. The ages of each animal
categorized them into one of three groups. Group one contained ewes up to 3
years old, group two included those ewes 4 through 6, and group three included
the ewes ages 7 and up. Each ANOVA was run twice, once with the original
data, and once with the projected data using the Monte Carlo procedure.

Table 4.
Analysis of Variance of Mean Numbers of Observations
For Butting Behavior by Age Groups. (N=22)

Source

Sum of Squares

df

Mean Square

Between Grps

116.19

2

58.09

Within Grps

299.08

19

15.74

Total

415.27

21

F

3.70*

*p < .05

Table 4 shows the one-way ANOVA using age as the independent
variable has the butting behavior as significant. This indicates that the different
age groups differ significantly in terms of the amount of butting shown by each
group. The post hoc tests will not run with this small sample size.
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Table S.

Analysis of Variance of Mean Numbers of Observations
For Butting Behavior by Age Groups. (N=44)

Source

Sum of Squares

df

Mean Square

Between Grps

203.85

2

101.93

Within Grps

531.13

41

12.96

Total

734.98

43

F
7.87**

**p < .01

Table 5 shows the one-way ANOV A calculated with age groups as the
independent variable. This indicates the butting behavior is significant for the
projected population. With this population the butting behavior is stronger in
significance than for the original population. The trend for butting behavior to
differ within the age groups is reinforced with a larger sample size.
After it was shown that significant differences exist between the age
groups of sheep, post hoc tests were used to separate those differences. The post
hoc tests I chose to run used the Scheffe test. Scheffe is an acceptable post hoc
test for unequal sample sizes. Although the post hoc Tukey test can also be used
for unequal sample sizes, Scheffe is a more exact test (Keppel, 1991). To be as
certain as possible that the significant differences in behavior found with the
Scheffe test were differences in the behavior of the groups of sheep and not
statistical error, the most exact post hoc test should be used.
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Table 6.
Post Hoc Tests for Significance Between Age and Butting Behavior
In a Domestic Dorset flock of Ewes. (N=44)
Behavior

Group

Mean Difference

Butting

1 vs. 2
1 vs. 3

-3.4375
-5.4375*

2 vs. 3

-2.000

Group(!) 0-3yrs. (2) 4-6yrs. (3) 7+ yrs.

*p < .05

Table 6 shows that there is a significant difference in the amount of
butting exhibited by sheep in the youngest age group ( 1) versus the sheep in the
oldest age group (3). There is no significant difference in the amount of butting
between the middle age group (2) and the oldest age group (3) or the youngest age
group (1) and the middle age group (2). It makes sense that youngest and the
oldest sheep would differ the most in the amount of butting behavior that they
display.

LEADING AND AGE

Table 7.
Analysis of Variance of Mean Numbers of Observations
For Leading Behavior by Age Groups. (N=22)

Source

Sum of Squares

df

Mean Square

Between Grps

194.38

2

97.19

Within Grps

558.21

19

29.38

Total

752.59

21

F
3.31

35

In Table 7, using age as the independent variable, although the leading

behavior is not statistically significant, it approaches significance (p = .059)
within the three age groups the domestic flock is divided into. With a larger
sample size, difference may become statistically significant.

Table 8.

Analysis of Variance of Mean Numbers of Observations
For Leading Behavior by Age Groups. {N=44)

Sum of Squares

Source

df

Mean Square

Between Grps

377.41

2

188. 71

Within Grps

1041.75

41

25.41

Total

1419.16

43

F
7.43**

**p < .01
Table 8 shows that the leading behavior does become significant in the
one-way ANOVA using age as the independent variable when the population is
projected. With the increased sample size, the differences between the three age
groups and their tendency to display leading behavior has increased.
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Table 9.
Post Hoc Tests for Significance Between Age and Leading Behavior
In a Domestic Dorset flock of Ewes. (N=44)
Behavior

Test

Group

Mean Difference

Leading

Scheffe

1 vs. 2

-2.3750

1 vs. 3

-7.1250*

2 vs. 3

-4.7500*

Group( I) 0-3yrs. (2) 4-6yrs. (3) 7+ yrs.

*p < 0.05
Table 9 uses the Scheffe test again as the post hoc test and significant
differences are uncovered between the leading behavior of the oldest age group
(3) and the youngest, as well as between the oldest (3) and the middle age group
(2). No significant difference was found in the leading behavior of the youngest
age group (1) and the middle age group (2).

FOLLOWING AND CURIOSITY BERAVIORS

Table 10.
Analysis of Variance of Mean Numbers of Observations
For Curiosity Behavior by Age Groups. (N=44)

Source

Sum of Squares

df

Mean Square

Between Grps

190.37

2

95.187

Within Grps

1314.35

41

32.06

Total

1504.73

43

F
2.97
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Table 11.
Analysis of Variance of Mean Numbers of Observations
For Following Behavior by Age Groups. (N=44)

Source

Sum of Squares

df

Mean Square

Between Grps

225.37

2

112.68

Within Grps

1639.54

41

39.99

Total

1864.91

43

F
2.82

Tables 10 and 11 are ANOVA of the curiosity and following behaviors
with age as the independent variable. The two behaviors shown in Tables 10 and
11 are not statistically significant. However, Curiosity behavior for the different
age groups (p = .062) and Following behavior for the different age groups (p =
.071) both approach significance. It is evident when comparing these behaviors to
the original population that the projected population reinforces the trends already
established in behavior. The significant behaviors in the first set of ANOV A
became more significant, while the rest increased in significance. This is
evidence of actual behavior trends, and not just random behaviors. When the
Monte Carlo procedure is used to project the population, the significant behaviors
in the three age groups become more significant. Although the curiosity and
following behaviors are not yet statistically significant using this procedure, we
can speculate that, with further studies, a larger population with a larger number
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of observations may show a statistically significant difference for the different age
groups.

FOLLOWING AND WEIGHT

An ANOVA was calculated with weight as the independent variable and
behaviors as the dependent variables. The ewes were divided into three weight
groups. Group one included ewes up to 140 lbs (63.56kg), group two included
those ewes 141-180 lbs (63.56-81.72kg), and group three included ewes over 181
lbs (82.17kg). The one-way ANOV A shows which behaviors are significantly
different among the weight groups of ewes. For the original population only
following behavior came up close to significance for the different weight groups.
(See Table 12).

Table 12.
Analysis of Variance of Mean Numbers of Observations
For Following Behavior by Weight Groups. (N=22)

Source

Sum of Squares

df

Mean Square

Between Grps

260.26

2

130.13

Within Grps

711.20

19

37.43

Total

971.46

21

F
3.48

Table 12 shows that although the ANOVA of following behavior with
weight as the independent variable was not statistically significant, it approached
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significance (p = .052). One could speculate that this trend may become
statistically significant with an increased sample size.

Table 13.
Analysis of Variance of Mean Numbers of Observations
For Following Behavior by Weight Groups. (N=44)

Sum of Squares

Source

df

Mean Square

Between Grps

497 .35

2

248.68

Within Grps

1367.56

41

33.36

Total

1864.91

43

F

7.46**

**p < .01

Table 13 shows with the projected population, the one-way ANOVA with
weight as the independent variable and following as the dependent variable
becomes statistically significant. This indicates there exists a difference in the
following behavior of the three different weight groups. The post hoc test Scheffe
was used to uncover where those differences are.
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Table 14.
Post Hoc Tests for Significance Between Weight and Following Behavior
In a Domestic Dorset flock of Ewes. (N=44)
Behavior

Test

Group

Mean Difference

Following

Scheffe

1vs. 2
1vs.3

-0.8333
-7.4314*

2 vs. 3

-6.5980*

Group (1) 0-1401bs. (2) 141-1801bs. (3) 181 + lbs.

* p < 0.05

Table 14 shows the results of the Scheffe post hoc test. There are
significant differences in the following behavior for the lightest weight group (1)
and the heaviest weight group (3), as well as significant differences between the
middle weight group of sheep (2) and the heaviest group (3). The significant
differences in the following behavior of the different weight groups indicates that
weight may be a factor in social dominance for sheep. Results for the other
behaviors help support this.

41
BUTTING BERAVIOR AND WEIGHT

Table 15.
Analysis of Variance of Mean Numbers of Observations
For Butting Behavior by Weight Groups. (N=44)

Source

Sum of Squares

df

Mean Square

Between Grps

138.37

2

69.19

Within Grps

596.61

41

14.55

Total

734.98

43

F
4.76*

*p < .05

Table 15 shows a significant difference in the butting behavior of sheep
for the three different weight groups. Butting is an agonistic behavior and an
indicator of dominance. The post hoc test Scheffe is used to uncover the
differences in butting for the weight groups.

Table 16.
Post Hoc Tests for Significance Between Weight and Butting Behavior
In a Domestic Dorset flock of Ewes. (N=44)
Behavior

Test

Group

Mean Difference

Butting

Scheffe

1vs.2
1 vs. 3

-2.6111
-4.7974*

2 vs. 3

-2.1863

Group (I) 0-1401bs. (2) 141-1801bs. (3) 181+ lbs.

*p < .05
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Table 16 shows the results of the Scheffe post hoc test for the difference in
weight groups of sheep and the butting behavior displayed. There are significant
differences in the amount of butting between the lightest group (1) and the
heaviest group of sheep (3). No other differences were significant. The tendency
for there to be significant differences in the behaviors of the weight groups of
sheep supports the hypothesis that weight is a factor in social dominance. The
weight group exhibiting the most butting may be a more dominant group in the
flock.

KICKING BEHAVIOR AND WEIGHT

Table 17.
Analysis of Variance of Mean Numbers of Observations
For Kicking Behavior by Weight Groups. (N=44)

Sum of Squares

Source

df

Mean Square

Between Grps

11.24

2

5.62

Within Grps

67.77

41

1.65

Total

79.01

43

F
3.40*

*p < .05

Table 17 shows the results for the ANOV A in which weight is the
independent variable and kicking is the dependent variable. There is a significant
difference in the kicking behavior of the weight groups of sheep. Scheffe is used
for a post hoc test to uncover which groups are statistically different in kicking
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behavior. Using the Scheffe test none of the weight groups were found to have
significant differences in kicking behavior.

LEADING BEHAVIOR AND WEIGHT

Table 18.
Analysis of Variance of Mean Numbers of Observations
For Leading Behavior by Weight Groups. (N=44)

Source

Sum of Squares

df

Mean Square

Between Grps

279.60

2

139.80

Within Grps

1139.56

41

27.79

Total

1419.16

43

F

5.03*

*p < .05

Table 18 shows the projected population has significant differences
between leading behavior and weight groups. Significant differences in leading
behavior may be an indication of weight as a factor in social dominance. Butting,
leading, and following all have significant differences between the behaviors
exhibited and the weight groups. The Scheffe test is used again for the post hoc
test to find out where the differences in the weight groups lie. (Table 19).
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Table 19.
Post Hoc Tests for Significance Between Weight and Leading Behavior
In a Domestic Dorset flock of Ewes. (N=44)
Behavior

Test

Group

Mean Difference

Leading

Scheffe

1vs.2
1 vs. 3

-1.8333
-6.2092*

2 vs. 3

-4.3758

Group (l) 0-1401bs. (2) 141-1801bs. (3) 181+ lbs.

*p < .05

Table 19 shows the results for the Scheffe test for leading behavior and
weight groups shows there exists significant differences in the heaviest weight
group (3) and the lightest weight group (1). The results are similar to the weight
groups and butting. Scheffe being an exact test for unequal sample sizes gives
confidence to the existence of actual behavioral differences in the heaviest and
lightest weight groups of sheep. The notion of weight being a factor in social
dominance is being reinforced. It is expected that the differences in behavior
between the lightest ewes (group 1) and the heaviest ewes (group 3) will be more
evident than those relationships with the middle weight group because there is a
much larger difference in weight. Any significant relationships that are found to
incorporate the middle weight group are very encouraging.
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CORRELATION TABLES
There is also a question of the relationships between the behaviors
themselves, as well as the two independent variables. For this, correlation tables
are used between all of the behaviors, and the age and weight of the sheep. With
the original data (N = 22) positive correlations were found between; following
and kicking, leading and age, following and weight, and age and weight. Some of
these correlations were to be expected. It is expected that the weight of sheep
increase with their age, and this is found significant at the 0.01 level. The
significant correlation between curiosity and kicking was not expected. It appears
that the more curious animals tend to be kickers. This may be attributed to the
persistent curious nature of sheep. The curious sheep may be kicking the others
in an attempt to move them out of their way so they can investigate things further.
Other correlations such as age and butting, leading and butting, leading and age,
all seem to point to the trend of older animals exhibiting more aggressive and
dominant behaviors. Weight was not significantly correlated with the aggressive
and dominant behaviors, conversely weight was significantly correlated with
following, a more subordinate behavior. This leads one to believe dominance is
more age related than weight related.
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Table 20.
Pearson Correlation Between Behaviors Observed at
Peckham Farm and the Age of Sheep. (N = 44).
Behavior

Mean

SD

Sum of Square Pearson R value

Butting

6.477

4.134

734.977

.534* *

Kicking

1.500

1.355

79.000

.105

Solitary

21.273

7.196

2226.727

-.032

Curiosity

12.727

5.916

1504.727

-.020

Leading

6.705

5.745

1419.159

.410**

Following

7.546

6.586

1864.909

.246

**p < 0.01

Data in Table 20 shows that there is a significant positive correlation
between both the butting and leading behaviors with age. The older ewes in this
case, tend to butt and lead more often. These two behaviors were both significant
in the one-way ANOVA using age as the independent variable as well. Now the
relationship that exists between them becomes more evident. Also, although not
significant, the relationships of the other behaviors with age can be evaluated for
correlations with the independent variables. With an increase in age, the sheep
tend to become less curious and less solitary.
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Table 21.
Pearson Correlation Between Behaviors Observed at
Peckham Farm and the Weights of the Sheep. (N = 44).
Behavior

Mean

SD

Butting

6.477

4.134

734.977

.401 **

Kicking

1.500

1.355

79.000

.309*

Solitary

21.727

7.196

2226.727

-.215

Curiosity

12.727

5.916

1504.727

.215

Leading

6.705

5.745

1419.159

.487**

Following

7.546

6.586

1864.909

.530**

Sum of Square Pearson R value

* p < .05
** p < 0.01
Data in Table 21 shows the significant correlations with the projected
population are all positive correlations. Here the correlation between behaviors
and body weight of the sheep are examined. There are significant positive
correlations between weight and butting, kicking, leading, and following. A
positive correlation between weight and both leading and following is puzzling.
Usually, one would think an animal would tend to either lead or follow, not do
both. However, the data tells a different story. One explanation for this may be
that the larger animals have stronger gregarious tendencies, and it does not matter
if they are leading or following as long as they are in the pack. The elder sheep
may also be passively leading, and may only actively lead when necessary. The
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leading and following may be more evident during the sheeps ' time at pasture,
which was not observed in this study. This idea is reinforced by the negative
correlation between the weight of the sheep and the solitary behavior. It may be
better to be a follower, than to be standing around alone.
The correlations that exist using the Monte Carlo procedure are
significantly stronger than those without. There existed a correlation between
leading and butting in the original data that is no longer significant with the
projected population. Conversely, the correlation between age and butting
increased in significance. This means with larger sample sizes it becomes more
evident that the older animals butt more often. Most of the correlations remained
the same with the new sample size, but one new significant correlation was found.
With an increased sample size there exists a positive correlation between weight
and leading. This means that the larger animals tend to lead more often. Larger
sample sizes tend to always have more accurate information, so it would be to
ones' advantage to rely more heavily on the trends found using the Monte Carlo
procedure when drawing conclusions about data.
General trends for the pooled observations are that older animals are more
likely to butt, lead, and be heavier. Heavier animals also tend to butt, lead, and
also kick more often. It is not a surprise that the more often an animal butts, the
more she is seen leading. With these significant trends in mind, the behavioral
frequencies of the individuals observed are examined for indication of these
dominant behaviors (see Appendix 3).
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DISCUSSION AND CONCLUSIONS

BERA VIORAL DISCUSSION
From the observations, six behaviors were chosen that were quite
prominent throughout the flock of domestic Dorset ewes at Peckham Farm. The
six behaviors were butting, kicking, solitary, curiosity, leading, and following.
Butting and kicking are agonistic behaviors. Usually, agonistic behaviors are
primarily used by dominant sheep. However, observations have found that
kicking is not significantly correlated with any other dominant behaviors or
characteristics. In fact, kicking has significant positive correlation with curiosity.
Butting, on the other hand, was more as predicted. Butting is correlated strongly
with age and leading, both related to dominance. One would expect that the same
sheep would exhibit high frequencies of all agonistic and leadership behaviors if
they were dominant. For some of the sheep this was true. In other cases, there
were much higher frequencies of one of the dominant behaviors over the others.
Increasing the sample size helps to identify these trends with greater significance.

STUDY LIMITATIONS
The fact that the sheep were kept in separate pens may have posed some
problems. Although it made observations easier because there was a smaller
number of sheep to keep track of at one time, it also meant that there was a
narrower range of weights and ages in each pen. This may have prevented more
apparent dominant and subordinate relationships from becoming evident. The
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fact that some animals of similar ages and weights were found to be in separate
pens may also have led to some in discrepancies in the data. For example, there
are two six-year old sheep in the flock. One in Pen A, and the other in Pen B.
These two sheep are in very different social environments. The six-year old in
Pen A is surrounded by sheep that are very close to her in age and weight while
the six-year old in Pen B is both one of the oldest and largest sheep in Pen B. She
is essentially a big fish in a little pond. The other ewes in this pen are younger
and smaller than her. In fact, only one ewe was older than this six-year old, and
only two weighed more than her. In this situation grouping these two sheep
together will not give very accurate results of trends associated with six-year old
sheep.
Despite the pooled data, it is evident that age and weight do play a role in
the behaviors exhibited. Older ewes are more experienced and usually are bigger
than younger ewes. It is not a surprise then, to see age positively correlated with
leading, butting, and weight. These seem to be the main factors in determining
dominance in the flock. However, because age and size are positively correlated,
it is hard to decipher which aspect is more important in determining dominance;
age or weight? Post hoc tests found significant differences in the age groups with
the butting and leading behaviors alone. For the weight groups, butting, leading,
and following were found to have significant differences. For both age and
weight the significance was always found in the first and third groups, the
extremities of each spectrum. The data does not make it clear that either age or
weight is solely responsible for social dominance.
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EWE COMPARISONS
If specific age groups that have different weights are examined, one may

be able to determine what is more important for dominance. (Individual ages and
weights are found in Appendix 4). Both ewes number 15 and 18 are three years
old. Ewe 15 weighs 187 lbs (84.90kg) whereas ewe 18 weighs 150 lbs (68.lOkg).
Ewe 15 had much higher frequencies for butting, leading and kicking than ewe
18. We denote from this that heavier animals, when close in age, are more
dominant. This does not prove that dominance is based more on weight than age.
There are cases where a younger ewe weighs more than an elder ewe, ewe 6 is
five years old and weighs 187 lbs (84.90kg) and ewe 9 is eight years old but
weighs only 162 lbs (73.55kg). This is a definite difference in weight. If
dominance were based primarily on age, it shouldn't matter and we would assume
that the elder ewe would be most dominant. In this case that is true. Ewe 9 has
higher frequencies of butting, kicking, and leading than the younger ewe, even
though she's bigger. This is seen again with the oldest ewe 22. The oldest ewe is
eleven years old and weighs 145 lbs (65.83kg). Ewe 11 is three years old and
weighs significantly more at 185 lbs (83.99kg). The older ewe again has higher
frequencies of butting and kicking. In this case there was no leadership seen in
ewe 22, but she is so much older than the other ewes she has outlived all prior
peer groups she may have been part of. As a result, she is often seen solitary and
does not associate with the group a great deal.
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CONCLUSIONS AND RECOMMENDATIONS
From this observational data I would reject the hypothesis H01 , which
states there is no dominance hierarchy among domestic sheep. The sheep clearly
exhibit significant differences in behaviors. I would also reject hypotheses H 02
and H 03 , which state there is no relation between dominance and age and
dominance and weight. Significant differences were found in several behaviors
using three different age and weight groups. I conclude that weight is more of a
factor in dominance when there is a strong closeness in age. Both independent
variables, weight and age, play a role in dominance determination. Even from the
small sample sizes used in this study, there are obvious trends and relationships
based on dominance and behavior. Projecting observations out through the Monte
Carlo procedure helped only to enforce those trends already established in the
original population.
There were significant results and positive correlations between what was
previously categorized as dotninant behavior by Lynch (1992) and the older,
heavier ewes. Strong correlations between the behaviors I observed and the age
and weights helped decipher which animals were the most dominant sheep in the
domestic flock used in this study. Now that significant correlations and behaviors
have been documented, the dominance hierarchy of sheep can be determined
easily by obtaining records of age and weight.
Because an extensive review of literature did not identify any previous
studies on domestic sheep related to their behavior and social organization, we did
not know what to expect. I am pleased to see significance in my findings. Sheep
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are wonderful, friendly, docile creatures and it is interesting to learn how they
maintain a social organization even in domestic flocks where there is little to no
danger of predation. Competitions that did occur and cause conflicts were usually
over feed or a place to lay down in the barn. Most of these were minimal, any
problems with such conflicts could easily be solved by decreasing the density of
animals in the space. This could be accomplished by providing more space, or
moving some of the animals.
During the examination of correlations some strange relationships did
surface. There was statistical significance between the curiosity and the kicking
behaviors. This merits some additional studying. One could speculate that the
kicking may occur when the curious animal is trying to get into an area to
investigate and another sheep is in the way. The kicking was not correlated with
age or weight, or the other dominant behaviors. It seems to be used more in
communication than aggression.
This study offers a first look at studies of behavior and social organization
in a domestic ewe flock. This particular flock is closed in the sense that there are
no outside animals brought in. This flock also has a high rate of inbreeding and
all the ewes are related in some way. The relations between these ewes should be
very stable because of their familiarity with one another. It is promising to see
any kind of dominance-subordinate relations in this particular flock. One could
speculate that with a larger flock, a dominance hierarchy would be even more
evident. Trends discovered through this study, positive correlations between
behaviors and age or weight, are valuable additions to our knowledge of domestic
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sheep behavior. The correlations and trends found in this study could
theoretically be applied to any other domestic flock in order to find existing
dominant-subordinate relations.
From an animal management standpoint the information in this study
could be quite useful. To prevent competition for food sources it may be most
beneficial to sort the ewes out by age. This could help prevent problems
associated with unequal food distribution. If the ewes are very close in age,
separation based on weights could be used. The social dominance of a flock
could be mapped out roughly by examining the weights and age records of the
sheep. If one were trying to move the flock from one place to another it would
best be accomplished by getting the oldest ewes to move first. Once a few
dominant ewes are moving, the entire flock will follow along behind them.
Getting a few of the more subordinate ewes may not have this desired effect.
Understanding how domestic sheep communicate with one another, and being
aware of the social dominance rank within the flock, can only benefit animal
management. The more that is known, the better the care that is available for
domestic sheep.
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Appendix 1.
SAMPLE OBSERVATION SHEET
Time

5
10
15
20
25
30
35
40
45
50
55
60

Mounting Kicking

Butting

Solitary

Lead/Flw Curiosity
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Appendix 2.

BARN LAYOUT

feed
trough

water rough

gate
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Appendix 3.
ORIGINAL POPULATION :
BERA VIORS RECORDED (SUMS OF BOTH OBSERVERS)

Ewe# Butting Kicking Solitary Curiosity Leading Following

1
2
3
4
5
6
7
8
9
10
11

12
13
14
15
16
17
18
19
20
21
22

8
14
2
12
l

6
8
4
17
3
9
12
2
3
11

2
4
5
7
4
5
11

2
1
1
1
1
4
4
3
0
0
0
2
2
1
4
0
1
0
4
1
0
1

21
31
27
20
19
13
22
14
31
6
16
23
22
24
27
22
6
23
10
34
20
25

17
9
7
14
16
27
29
14
10

8
11

26
7
6
16
11
14
8
11
14
16
10

4
7
14
19
6
11

7
8
24
14
3
7
7
2
6
3
4
1
4
2
4
0

15
26
8
10
8
16
19
14
1
8
2
4
5
4
1
1
9
3
1
4
4
1
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Appendix 4.

ORIGINAL POPULATION:
AGES AND WEIGHTS
Ewe#

Age (years)

Weight (lbs.)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

4
7
7
'7

175
213
193
196
175
187
182
208
162
170
185
171
113
141
187
102
99
150
160
90
102
145

4
5
4
6
8
4
3
3
1
2
3
1
1
3
6
1
1
11
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Appendix 5.
BERAVI ORAL FREQUENCIES FOR SEP ARATE PENS
Pen A: (N = 686 total behaviors) Pen B: (N = 575 total behaviors)

Behavior

Pen A

Pen A

PenB

PenB

Frequency

R.F.

Frequency

R.F.

Butting

75

0.1092

75

0.1277

Kicking

17

0.025

16

0.0273

Solitary

203

0.295

252

0.4293

Curiosity

152

0.22 13

150

0.2556

Leading

114

0.1659

43

0.0733

Following

125

0.1819

39

0.0664

Appendix 6.
TOTAL BERAVIORAL FREQUENCIES FOR ORIGINAL POPULATION
(N = 1261 total behaviors)

Behavior

Frequency

R.F.

Butting

150

0.119

Kicking

33

0.0262

Solitary

455

0.3608

Curiosity

167

0.1324

Leading

157

0.1245

Following

164

0.1301
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